Abstract. We study a thermal boundary condition which is robust and applicable to a wall along which temperature varies. A framework to derive robust thermal boundary conditions using the Maxwell-Boltzmann statistics is proposed for the purpose of the thermal boundary condition of the discrete kinetic theory. The thermal exchange between fluid particles and walls is achieved by using the relation between the velocity change rate and temperature so that we can control the velocity change rate according to a given temperature boundary condition. We simulated microchannel flows by the lattice gas cellular automata and the direct simulation of Monte Carlo.
INTRODUCTION
The flow in a microchannel is an attractive subject because this has various phenomena still difficult to simulate and the development of microscale devices stimulates the need of this study. The boundary condition is one of the important theme to understand the microchannel flow. The thermal exchange between fluid particles and walls can be described by the velocity change of the fluid particles after their collision to walls. In the paper [1] , we derived the relation between the velocity change rate and temperature. By using this relation, we simulated microchannel flows having a thermal boundary condition to a wall along which temperature varies by the lattice gas cellular automata. In this paper, we shortly introduce the derivation of a relation between the velocity change rate of particles and a given temperature. This relation was obtained for the 19-velocities model, which is hexagonal and twodimensional by using the Maxwell-Boltzmann statistics. We introduce the simulation results obtained by the lattice gas cellular automata [1] . In addition, we present the simulation results obtained by the direct simulation of Monte Carlo (DSMC). The thermal boundary condition used in the simulation of the DSMC is different from that used in the simulation of the lattice gas cellular automata.
RELATION BETWEEN VELOCITY CHANGE RATE AND TEMPERATURE
This is a summary presented in the paper [1] in which the detailed explanation is given. We define discrete velocities of a two-dimensional model in a general form by 
Formula (2) shows that the number density at temperature τ , can be described with the number densities at 
We define , l p G by the relation
where , 1 1
G is the ratio between the probability sum of the velocity amplitude change from l c to p c and that from l c to 1
If we apply H 2 on Formula (2), we obtain 0 0 
If we express P( ,[ ]) 
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SIMULATION RESULTS
We performed a simulation by the lattice gas cellular automata using Formula (14). Figure 1 shows the thermal boundary condition implanted on the longitudinal wall of the microchannel. The left half of the longitudinal wall of the microchannel has a decreasing temperature gradient. The right half is an adiabatic wall. Figure 2 shows the temperature distribution. This figure shows only the half of the microchannel with respect to the longitudinal central axis. The dimension of the microchannel is 1 m μ width and 10 m μ length, connected with two chambers of 2 m μ length. The bounce-back reflection scheme is used on the wall. The entrance boundary values of pressure, density, temperature, and velocity are identical to the exit ones. Therefore, there is no significant pressure or velocity gradient on the calculation domain. We observe that the left part of the microchannel is heated according to the implanted boundary condition. 
FIGURE 1.
The thermal boundary condition implanted FIGURE 2. The temperature distribution in the microchannel [1] . on the longitudinal wall [1] . Figures 3 and 4 show the thermal boundary condition and the corresponding temperature distribution, respectively. Note that the other conditions are same to the previous case of Figures 1 and 2 . We observe that the central part of the microchannel is heated according to the implanted boundary condition. 
CONCLUSION
We studied a thermal boundary condition which is robust and applicable to a wall along which temperature varies. A framework to derive robust thermal boundary conditions using the Maxwell-Boltzmann statistics was proposed for the purpose of the thermal boundary condition of the discrete kinetic theory. The thermal exchange between fluid particles and walls was achieved by using the relation between the velocity change rate and temperature so that we could control the velocity change rate according to a given temperature boundary condition. We had simulated microchannel flows by the lattice gas cellular automata and lattice Boltzmann method [3, 4] . However, the results in the paper [3] did not treat the thermal boundary condition on walls and the results in the paper [4] did not relate the temperature and the velocity change rate. In this paper, we related the temperature and the velocity change rate. In addition, we obtained the simulation results by the direct simulation of Monte Carlo.
